Antipsychotic-related weight gain and metabolic effects are a critical outcome for patients requiring these medications. A literature search using MEDLINE, Web of Science, PsycNET, and EMBASE for randomized, open and double-blind, placebo-controlled trials of medications targeting antipsychotic-induced weight gain was performed. Primary outcome measures were change and endpoint values in body weight and body mass index (BMI). Secondary outcomes included X7% weight gain, all-cause discontinuation, change in waist circumference, glucose and lipid metabolism parameters, and psychiatric symptoms. Sensitivity analyses were conducted to explain heterogeneity of the results. Across 32 studies including 1482 subjects, 15 different medications were tested: amantadine, dextroamphetamine, d-fenfluramine, famotidine, fluoxetine, fluvoxamine, metformin, nizatidine, orlistat, phenylpropanolamine, reboxetine, rosiglitazone, sibutramine, topiramate, and metformin + sibutramine. Compared with placebo, metformin had the greatest weight loss (N ¼ 7, n ¼ 334, À2.94 kg (confidence interval (CI:À4.89,À0.99)), followed by d-fenfluramine (N ¼ 1, n ¼ 16, À2.60 kg (CI:À5.14,À0.06)), sibutramine (N ¼ 2, n ¼ 55, À2.56 kg (CI:À3.91,À1.22)), topiramate (N ¼ 2, n ¼ 133, À2.52 kg (CI:À4.87,À0.16)), and reboxetine (N ¼ 2, n ¼ 79, À1.90 kg (CI:À3.07,À0.72)). Weight loss remained significant with metformin initiation after weight gain had occurred, but not when started concomitantly with antipsychotics. Nausea rates were not higher with any treatment compared with placebo. In all, 5 of 15 psychopharmacologic interventions aimed at ameliorating antipsychotic-induced weight gain outperformed placebo. Results were most robust for metformin, although these were modest and heterogeneous. Only one (negative) combination treatment study was available and head-to-head studies are absent. None of the agents were able to entirely reverse weight gain because of antipsychotics. At present, no treatment has sufficient evidence to recommend broad clinical usage. Antipsychotics with no or minimal cardiometabolic liability, as well as interventions that prevent or normalize adverse antipsychotic cardiometabolic effects are needed.
INTRODUCTION
With the prevailing use of second-generation antipsychotics (SGAs) over first-generation antipsychotics (FGAs) for various severe psychiatric disorders, the adverse effect concern has shifted from extrapyramidal side effects to weight gain and metabolic abnormalities. The reason for this is twofold. First, in spite of the heterogeneity within antipsychotic class, SGAs have a greater risk for weight gain and metabolic adverse effects (Allison et al, 1999; Leucht et al, 2009a; Newcomer, 2005) . Second, in addition to adversely affecting quality of life and medication adherence Perkins, 2002) weight gain and metabolic abnormalities are reliable risk factors for premature cardiovascular morbidity and mortality (Colton and Manderscheid, 2006; Newcomer, 2005) , outcomes that occur at higher rates in the severely mentally ill and are related to antipsychotic treatment (Correll, 2007) .
Research into underlying mechanisms has identified some risk factors such as H1 receptor affinity (Kroeze et al, 2003) and 5HT2c polymorphisms (Templeman et al, 2005) . However, the pharmacology of antipsychotic-induced weight gain is largely not understood and very likely multifactorial because of the importance of maintaining energy homeostasis, making the development of targeted pharmacological interventions difficult (Correll and Malhotra, 2004) . Consequently, interventions to minimize antipsychotic weight gain have, for the most part, been based on anecdotal, indirect, or theoretical considerations. Besides using lower risk medications first in the treatment algorithm, non-pharmacologic and pharmacologic augmentation strategies have been tested. A meta-analysis of 10 behavioral intervention studies (n ¼ 482) showed that nutritional counseling was as effective as cognitive behavioral therapy, and that both were superior to treatment as usual without concomitant behavioral intervention in reducing antipsychotic-induced weight gain (Alvarez-Jimenez et al, 2008) . Another meta-analysis of 23 trials compared behavioral (N ¼ 5, n ¼ 233) and pharmacologic interventions (N ¼ 18, n ¼ 547) with treatment as usual, and concluded that the evidence for pharmacologic weight loss agents was insufficient (Faulkner et al, 2007a) . The latest review of 25 pharmacologic weight loss intervention studies (n ¼ 1221) concluded that results were promising for amantadine, metformin, reboxetine, sibutramine, and topiramate (Baptista et al, 2008a) . Although this work benefitted from additional studies, the investigators did not perform a meta-analysis of the placebo-controlled trials, so that the effects of specific medications relative to each other were not compared. However, such a meta-analytic comparison of individual agents compared to placebo is needed because the lack of head-to-head studies directly comparing different interventions and because the limited number and sample size of randomized trials investigating different agents has made it difficult to evaluate the effectiveness of individual studies and agents. Moreover, data on metabolic effects have been insufficient.
Given the limited database and recent completion of several placebo-controlled studies, we conducted a systematic review and meta-analysis of pharmacologic treatments for the amelioration of antipsychotic-associated weight gain and metabolic abnormalities. We aimed to inform clinical practice by identifying the most promising pharmacologic augmentation strategies while also investigating effects on psychopathology and examining potential moderator variables.
MATERIALS AND METHODS

Search
A literature search was performed to find randomized, placebo-controlled trials, both double-blind and open label, using the following electronic databases: MEDLINE, Web of Science, PsycNET, and EMBASE. Search terms included previously studied weight reduction medications: stimulants, H2 blockers, antidepressants, amantadine, dextroamphetamine, d-fenfluramine, famotidine, fluoxetine, fluvoxamine, metformin, nizatidine, orlistat, phenylpropanolamine, reboxetine, rosiglitazone, sibutramine, and topiramate. In addition, the following search terms were used: 'randomized', 'intervention', 'reduction', 'weight', 'weight gain', and 'antipsychotic'. Reference lists of included and relevant studies and reviews were searched for additional studies. When required data were missing, first/corresponding authors were contacted for additional information.
Data Extraction and Outcomes
All data were extracted by one of the reviewers (LM, JV, CUC) and checked by a second reviewer. Inconsistencies were reviewed and resolved.
Calculations and Analyses
Data were analyzed using Review Manager 5.0. (RevMan 5.0.18 (PC version) , Cochrane Collaboration, Oxford, UK). When calculating continuous outcomes, the inverse variance statistical method and random effects model was used to compensate study heterogeneity. As each study used the same outcome for the studied adverse effects, the weighted mean difference (WMD) with 95% confidence intervals (CIs) was applied. To analyze effects on psychiatric symptoms that were measured with different scales, standardized mean difference (SMD) was used. For dichotomous outcomes, the Mantel-Hansel statistical method and random effects model were used. When SDs were missing, they were derived from other available statistics or the average SD of other studies with that same medication was used (Leucht et al, 2009b) . Number-needed-to-treat (NNT) was derived by calculating the reciprocal of the difference in incidence rates between control and treatment groups (ie, dividing 1 by the difference). Study heterogeneity was measured using the w 2 and I-squared statistics, with w 2 po0.05 and I-squared 450% indicating heterogeneity (Higgins et al, 2003) . In cases of I-squared 450%, sensitivity analyses were conducted to seek reasons for the heterogeneity. The main outcome variables were the effect of individual weight loss agents on (a) body weight and (b) body mass index (BMI). Secondary outcomes included waist circumference, X7% weight gain, changes in glucose, insulin, leptin, triglycerides, total cholesterol, HDL-cholesterol, LDL-cholesterol, psychiatric symptoms, and all-cause discontinuation. One study, each, investigating nizatidine and investigating topiramate compared two different doses of the respective pharmacologic intervention with placebo. As a result, the placebo group was included twice in the analyses to examine a potential dose response relationship. Thus, the total number of study arms (N ¼ 32 + 2 ¼ 34) and patients (n ¼ 1482 + 82 ¼ 1564) in the analyses is higher than the total number of studies (N ¼ 32) and patients (n ¼ 1482). To examine potential moderator variables, four sensitivity analyses were performed: (1) intervention studies (N ¼ 22, n ¼ 947) (Arman et al, 2008; Assuncao et al, 2006; Atmaca et al, 2003 Atmaca et al, , 2004 Baptista et al, 2007 Baptista et al, , 2008b Baptista et al, , 2009 Borovicka et al, 2002; Bustillo et al, 2003; Carrizo et al, 2009; Deberdt et al, 2005; Goodall et al, 1988; Graham et al, 2005; Henderson et al, 2005 Henderson et al, , 2007 Henderson et al, , 2009 Joffe et al, 2008; Klein et al, 2006; Ko et al, 2005; Modell and Hussar, 1965; Nickel et al, 2005; Wu et al, 2008b) , that is, weight loss agent given after weight gain with antipsychotic treatment, vs prevention studies (N ¼ 10, n ¼ 535) Cavazzoni et al, 2003; Hinze-Selch et al, 2000; Kim et al, 2006; Lu et al, 2004; Poyurovsky et al, 2002 Poyurovsky et al, , 2003 Poyurovsky et al, , 2004 Poyurovsky et al, , 2007 Wu et al, 2008a) , that is, weight loss agent was given concomitantly with newly initiated antipsychotic treatment; (2) short-term trials of p8 weeks (N ¼ 10, n ¼ 296) (Atmaca et al, 2003 (Atmaca et al, , 2004 Henderson et al, 2009; Hinze-Selch et al, 2000; Modell and Hussar, 1965; Nickel et al, 2005; Poyurovsky et al, 2002 Poyurovsky et al, , 2003 Poyurovsky et al, , 2004 Poyurovsky et al, , 2007 vs medium-term trials of 12-16 weeks (N ¼ 22, n ¼ 1186) (Arman et al, 2008; Assuncao et al, 2006; Baptista et al, 2006 Baptista et al, , 2007 Baptista et al, , 2008b 
RESULTS
Of 1643 abstracts, 45 full texts were inspected, excluding 13 studies ( Figure 1 ). All 32 studies (n ¼ 1482) were randomized, placebo-controlled and either double-blind, or openlabel (Supplementary Table 1 ). Except for two pediatric studies (Arman et al, 2008; Klein et al, 2006) , all other trials included adults. Participants' age was 36.3 years in the treatment group and 36.7 years for placebo across 27 adult studies with age data. In two pediatric studies, the age was 12.1 years in the treatment group (n ¼ 34) and 11.4 years for placebo (n ¼ 36). In total, 55.4% of participants in the treatment group and 51.9% in the placebo group were men (23 studies with data). In all, 42.2% in the treatment group and 50.4% in the placebo group were Caucasian (nine studies with data). The mean, weighted baseline BMI was 26.9 for the treatment group and 27.1 for the placebo group (26 studies with data). Out of 1482 participants, 1072 (72.3%) were diagnosed with schizophrenia, schizophreniform, or schizoaffective disorder, 79 (5.3%) were diagnosed with unipolar or bipolar disorder, 20 (1.3%) were diagnosed with psychosis, and in 311 cases (21.0%,) the diagnosis was unspecified or specifics were not provided.
Trials lasted 6-16 (mean: 13.1) weeks and included:
, and mixed SGAs (one trial including clozapine, olanzapine, risperidone, and sulpiride; one trial including clozapine and olanzapine; and one trial including olanzapine, quetiapine, and risperidone). In one older study each, mixed FGAs (fluphenazine, flupenthixol, and clopenthixol) or mixed FGAs with other medications (chlorpromazine, thioridazine, imipramine, and chlordiazepoxide) were the weight-inducing baseline medications for which d-fenfluramine or dextroaphetamine was used, respectively.
All studies provided weight data, with 84.4% of studies (N ¼ 27) providing weight change data and 62.5% of studies Table 1 . Neither weight change (n ¼ 144) nor BMI change (n ¼ 21) differed between amantadine and placebo Graham et al, 2005) . Weight change with dextroamphetamine did not differ from placebo (N ¼ 1, n ¼ 20) (Modell and Hussar, 1965) . Subjects on D-fenfluramine lost significantly more weight than those on placebo (N ¼ 1, n ¼ 16) (WMD ¼ À2.60 kg, CI:À5.14, À0.06) (Goodall et al, 1988) . Famotidine did not differ from placebo regarding weight or BMI change, or BMI endpoint (N ¼ 1, n ¼ 14) (Poyurovsky et al, 2004) . Fluoxetine did not differ from placebo regarding weight change, or weight or BMI endpoint (N ¼ 2, n ¼ 60) (Bustillo et al, 2003; Poyurovsky et al, 2002) . Fluvoxamine and placebo did not differ regarding weight or BMI endpoint (N ¼ 2, n ¼ 91) Lu et al, 2004) . Across seven studies (n ¼ 334), subjects on metformin had 1643 abstracts reviewed 45 full texts retrieved 13 out of 45 studies were excluded from the review for the following reasons:
1 study provided insufficient data 2 studies that did not propose a treatment 3 studies presented data based on a case series 7 studies were not randomized 32 studies included in the meta-analysis Figure 1 Flow chart of systematic review. (Assuncao et al, 2006; Atmaca et al, 2003 Atmaca et al, , 2004 Cavazzoni et al, 2003) did not differ from placebo regarding weight change (N ¼ 4, n ¼ 338), weight endpoint values (N ¼ 3, n ¼ 113), and BMI endpoint values (N ¼ 2, n ¼ 59). In contrast, two studies (n ¼ 59) (Atmaca et al, 2003 (Atmaca et al, , 2004 indicated that nizatidine had a significant decrease in BMI compared with placebo (WMD ¼ À1.98 kg/m 2 , CI:À3.74, À0.21). Orlistat did not differ from placebo regarding weight change (N ¼ 1, n ¼ 63), although a significant difference was found in men . Endpoint weight was significantly higher with phenylpropanolamine than with placebo (N ¼ 1, n ¼ 16; WMD ¼ 4.99 kg, CI: 2.05, 7.93) (Borovicka et al, 2002) . Compared with placebo, reboxetine (Poyurovsky et al, 2003 (Poyurovsky et al, , 2007 Henderson et al, 2009) . Sibutramine was associated with a significant weight reduction compared with placebo (N ¼ 2, n ¼ 55; WMD ¼ À2.56 kg, CI:À3.91, À1.22) (Henderson et al, 2005 (Henderson et al, , 2007 . In addition, the sibutramine group had a significantly lower endpoint weight (N ¼ 1, n ¼ 37; WMD ¼ À16.96 kg, CI:À27.01, À6.91). Although there was no difference in BMI change between sibutramine (n ¼ 10) and placebo (n ¼ 8), sibutramine-treated patients (n ¼ 19) had a significantly lower BMI than placebo (n ¼ 18; WMD ¼ À9.0 kg/m 2 , CI:À13.51, À4.49). Topiramate was associated with a significant decrease in weight compared with placebo (N ¼ 2, n ¼ 133; WMD ¼ À2.52 kg, CI:À4.87, À0.16) Ko et al, 2005) . However, topiramate and placebo did not differ regarding BMI change (n ¼ 73) and endpoint weight (n ¼ 43). In the only trial investigating a combination treatment strategy (n ¼ 28), metformin + sibutramine did not differ from placebo regarding change in or endpoint of weight or BMI .
Secondary Outcomes
Waist circumference and weight gain X7%. Waist circumference (Table 1 , Supplementary Figures 1-3 Carbohydrate metabolism. Compared with placebo, fasting glucose level changes were nonsignificant with metformin, sibutramine, metformin + sibutramine, or rosiglitazone. However, compared with placebo, insulin decreased significantly more with metformin (N ¼ 4, n ¼ 220) (WMD ¼ À7.22 uIU/ml; CI:À12.55, À1.89, p ¼ 0.008) and rosiglitazone (N ¼ 1, n ¼ 29) (WMD ¼ À13.40 uIU/ml; CI:À25.47, À1.33, p ¼ 0.03). Drug-placebo differences for insulin endpoints were not different for metformin, metformin + sibutramine, and rosiglitazone. Although not significant for metformin, rosiglitazone lowered insulin resistance when assessed using the Homeostatic Model Assessment (HOMA) (insulin uU/l Â glucose mmol/l/405) (Matthews et al, 1985) Blood lipids. There were no significant differences between treatment and placebo regarding changes in total and HDL cholesterol with metformin, sibutramine, metformin + sibutramine, or rosiglitazone. However, triglyceride levels decreased significantly more with metformin + sibutramine than placebo (N ¼ 1, n ¼ 28; WMD ¼ À36.8 mg per 100 ml, CI:À63.94, À9.66, p ¼ 0.008) and triglyceride endpoint levels were lower (WMD ¼ À38.6 mg per 100 ml, CI:À76.24, À0.96, p ¼ 0.03) ( Table 1) . Compared with placebo, triglyceride endpoint levels were also significantly lower with metformin (N ¼ 2, n ¼ 109; WMD ¼ À28.07 mg per 100 ml, CI:À53.22, À2.92, p ¼ 0.04) and fluvoxamine (N ¼ 1, n ¼ 68, WMD ¼ À22.70 mg per 100 ml, CI:À44.59, À0.81, p ¼ 0.04) ( Table 1) .
There were no treatment-placebo differences regarding LDL-cholesterol change with metformin, sibutramine, and metformin + sibutramine. In contrast, rosiglitazone was associated with a significantly greater increase in LDLcholesterol compared with placebo (n ¼ 29; WMD: 18.20 mg per 100 ml, CI: 2.91, 33.48, p ¼ 0.02). LDL-cholesterol endpoint values were only significantly lower with sibutramine (n ¼ 19) compared with placebo (n ¼ 18; WMD: À33.80 mg per 100 ml, CI: -60.41, À7.19, p ¼ 0.01).
Psychiatric symptoms. There were no significant drugplacebo differences regarding changes in any of the reported psychiatric symptoms from baseline to end of study with any treatment (Supplementary Figure 2) . However, change in psychiatric symptoms were only reported inconsistently, that is, 6 out of 32 (18.8%) trials reporting change scores and 11 out of 32 (34.4%) trials reporting on endpoint scores on the Brief Psychiatric Rating Scale or change scores on the Positive and Negative Symptom Scale.
Adverse events. There were no significant differences between any treatment and placebo groups for any reported adverse effect (data not shown), but adverse effects were not systematically and comprehensively reported. Nausea, which could be associated with weight loss, was not more frequent compared with placebo with niztidine (N ¼ 1, Supplementary Figure 3) . This also applied to each of the individual medications.
Sensitivity Analyses
Prevention vs intervention trials. Results of the four sensitivity analyses of potential moderators are summarized in Table 2 and Supplementary Figures 4 and 5 . Few individual drug-placebo differences emerged, including significantly greater weight loss with metformin in chronically treated patients; with reboxetine in prevention trials, in studies lasting o12 weeks, and for both inpatients and first break patients; and with sibutramine in intervention trials, in studies lasting X12 weeks, as well as for both outpatients and chronically treated patients. A majority of the results remained significantly heterogeneous if two or more studies provided data.
Publication bias. A funnel plot of standard error vs mean difference showed little evidence of asymmetry to suggest publication bias. All studies fit in a relatively wide funnel with smaller studies showing a symmetrical and 
DISCUSSION
For this meta-analysis of pharmacologic interventions to attenuate antipsychotic-associated weight gain, we examined 32 placebo-controlled trials including 1482 subjects that tested 15 different interventions. Data were most consistently available for weight change, showing that, overall, pharmacologic interventions were associated with a weight change of À1.99 kg (CI:À2.77, À1.20) vs placebo over a mean of 13 weeks. However, results were highly heterogeneous, suggesting significant differences across studies and individual agents. Metformin, having the largest database (25% of all patients with weight data), was most superior to placebo (À2.94 kg), yet results remained heterogeneous even in sensitivity analyses. Additional agents that were superior to placebo included fenfluramine (À2.60 kg), sibutramine (À2.56 kg), topiramate (À2.52 kg), and reboxetine (À1.90 kg). The nine remaining agents were not superior to placebo in attenuating weight gain, and one (fluvoxamine) did not have data for the primary outcome. In addition, metformin and rosiglitazone showed significant benefits for secondary outcomes, such as waist circumference, blood glucose, and insulin levels. There were no significant individual treatment-placebo differences regarding psychiatric psychopathology and premature dropouts. Regarding prevention of X7% weight gain, metformin and reboxetine had low and clinically relevant NNTs of 2.5 and 3.0, respectively, with NNTs o10 being considered clinically meaningful (Citrome, 2008) . Moreover, when reported, nausea, which could lead to weight decrease, occurred as frequently as with placebo for famotidine, fluvoxamine, metformin, sibutramine, and topiramate. Sensitivity analyses revealed that metformin, given as an intervention after weight gain had occurred, yielded significantly greater weight loss than placebo, whereas preventive treatment started concomitantly with antipsychotic initiation did not separate from placebo. However, results for the intervention trials remained highly heterogeneous. The reduced weight loss effect in the prevention group could be due to the fact that intervention trials are enriched for patients sensitive to weight gain. In addition, in prevention trials, the early orexigenic antipsychotic effect may override the weight loss intervention at this generally more pronounced phase of weight gain (Alvarez-Jimenez et al, 2008) . The latter view is supported by data on absolute weight changes within group rather than relative weight differences between treatment and placebo. All nine prevention arms showed absolute weight gain compared with baseline in the treatment group, whereas 15 of the 20 intervention arms showed weight loss compared with baseline when given after weight gain had occurred.
Results remained heterogeneous in sensitivity analyses of youth or first episode patients vs chronically treated patients, likely reflecting the diversity of agents studied. However, younger, less chronic patients did somewhat better. This effect was largest with metformin in which individuals in early treatment lost three times the weight compared with older, more chronic patients. By contrast, inpatient or outpatient status and study duration had a negligible overall effect on weight loss efficacy or heterogeneity of the results, but larger studies are needed to more comprehensively assess these and additional moderator variables.
Although the observed weight loss and more isolated metabolic improvements with some agents reached statistical significance, the magnitude of these changes was modest. Even in studies with the most pronounced effects, subjects only lost part of the weight that they likely accrued during antipsychotic treatment. For example, although patients on amantadine lost À6.80 kg (CI:À5.67, À7.93) more than placebo (Atmaca et al, 2003) , the absolute weight loss in the treatment group was À4.6 ± 2.2 kg, which was less than the amount that many individuals had gained in the 3 months before study entry (ie, 2.6-10.8 kg). Similarly, although patients on metformin lost À6.3 kg (CI:À5.32, À7.28) more than placebo (Wu et al, 2008b) , the absolute weight loss of À3.2±2 kg was clearly less than the minimum of 10% weight gain that was required for study inclusion. Furthermore, in the few medium-term studies, the weight loss signal did not seem to be amplified Figure 4 Differences in endpoint weight: forest plot comparing the summarized results and effect sizes (with 95% CIs) for patients on a weight loss medication and those on placebo.
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Note: ''F'' signifies when data were not reported by any studies in that intervention category, and NS was used to denote when analysis revealed nonsignificant results.
compared with shorter-term trials. Thus, although longerterm studies are needed, it seems that for many individuals the adjunctive pharmacological agents studied are unlikely to return their weight to baseline. Assuming that comparable populations were studied, and comparing our pooled results across all pharmacologic treatments (ie, À1.99 kg (CI: À1.20, À2.77)) with the pooled weight loss of À2.56 kg (CI: À1.92, À3.20) across all nonpharmacologic interventions from a recent meta-analysis of non-pharmacological interventions (Alvarez-Jimenez et al, 2008) , one could draw the conclusion that nonpharmacologic interventions are more effective. However, in the only randomized study in our meta-analysis in which these modalities were compared directly (Wu et al, 2008b) , the pharmacological interventionFmetforminF performed significantly better than the non-pharmacological treatment (À3.2 kg (CI:À2.5, À3.9)) vs À1.4 kg (CI:À0.7, À2.0; po0.05). It is noteworthy that the most efficacious treatment in that study was the combined metformin and behavioral intervention (À4.7 kg (CI:À3.4, À5.7)). Thus, it appears that overall results across non-pharmacologic treatments are more consistent, whereas tested pharmacologic treatments included some that are clearly noneffective.
Although metformin outperformed other agents that have been studied against placebo, the current evidence is too limited to support its regular clinical use as an adjunctive medication. Data regarding the metformin related, rare, but potentially fatal side effect of lactic acidosis, particularly in elderly and those with compromised renal function (Chang et al, 2002) , and its new-found association with the accumulation of beta-amyloid, a factor in the pathogenesis of Alzheimer's disease (Chen et al, 2009) , alter the riskbenefit ratio in the elderly. However, the results do support further investigation of the risks and benefits of metformin in large, well-controlled trials in comparison with lower risk interventions such as switching to an antipsychotic medication with a lesser cardio metabolic burden, healthy lifestyle interventions and nutritional counseling.
The main limitation of this meta-analysis is the relative paucity of randomized controlled trials. As a result, there are too few studies for a number of medications, including orlistat and topiramate. Furthermore, there are no head-tohead studies of pharmacologic interventions, and only one study compared pharmacologic, nonpharmacologic, and combined pharmacologic plus non-pharmacologic interventions against placebo (Wu et al, 2008b) . Another related limitation is the heterogeneity of the results across individual studies that did not seem to be related to treatment setting, treatment duration, illness chronicity, and timing of the intervention, yet, our attempt to examine this heterogeneity through sensitivity analyses was hindered by a lack of statistical power. Thus, the variability of the effects may be explained by biological and/or environmental differences in patient cohorts and treatment environments, including studies that were performed in China and Venezuela, societies with different populations, weight norms and diets than in North America and Europe. Moreover, the heterogeneity of the results could also be due to different weight loss mechanisms of individual augmenting agents, and the strength of this effect could even differ based on which antipsychotic caused or maintains the weight gain and/or metabolic changes. It is noteworthy that we were not able to substantiate that metformin or other medications, for which information was available, were associated with greater rates of nausea that could be related to the observed weight loss. In spite of these limitations, this is the largest meta-analysis of pharmacologic weight loss interventions for antipsychotic weight gain. Compared with the previous meta-analysis on this topic (Faulkner et al, 2007b) , we included an additional 10 trials and 714 patients, allowing a more in-depth assessment of some individual agents and the added exploration of moderating variables.
The heterogeneous and relatively modest results of pharmacologic interventions for antipsychotic weight gain indicate the urgent need for more research in this area of high public health importance. Future research should consist of large studies that assess a wide array of body composition and metabolic parameters, document previous treatment history and weight change carefully, and focus on moderators and mediators of the response, ideally including a pharmacogenetic component (Correll and Malhotra, 2004) . Studies are also needed that document the time course and sustainability of weight loss over longer periods of time. Moreover, studies are needed in antipsychoticnaïve patients and in children and adolescents, who are at particular risk for weight gain and its long-term consequences (Alvarez-Jimenez et al, 2008; Correll, 2008) . Furthermore, studies should be conducted in patients with disorders other than schizophrenia for which antipsychotics are endorsed (Suppes et al, 2005) or prescribed frequently (Olfson et al, 2006) . Finally, studies are needed that examine the mechanisms of antipsychotic-induced weight gain and metabolic abnormalities to enable the development and testing of more targeted interventions that are hoped to be associated with greater weight loss efficacy and improved health outcomes in patients requiring antipsychotic treatment.
